We study coupling between light and nano-particle suspensions, through surface-tension effects in capillaries. Increasing light intensity far-away from the interface causes huge changes in the fluid level, manifesting optical control over mechanical properties of fluids. Until recently, the field of opto-fluidity addressed the integration of fluidics and photonics by utilizing optical properties of various materials in order to perform different localized functions upon illumination [1] . During the past few months, however, our group has demonstrated experimentally that light beams can be used to manipulate the mechanical properties of fluids, demonstrating the ability to move bulks of liquid by light alone [2] . The current work is dedicated to study light-induced surface-tension effects. Until recently, using light to affect surface deformations was possible only by direct illumination of the surface through momentum transfer [3] or via a heating mechanism [4] . Here, we study experimentally the strong interactions between light and suspensions of dielectric nano-particles from very far away from the interface, and demonstrate optical control over the mechanical properties of the fluid. We show that, varying the light intensity causes a huge change (~2mm) in the height of the fluid in a capillary, even when the light beam is far way (~4mm) from the surface. As such, the nonlinear interaction between light and the complex fluid exhibits highly nonlocal effects. The light-induced drop in the height of the fluid in the capillary is driven by a beam whose diameter (~5 µm) is three orders of magnitude smaller than its distance to the interface, yet increasing the beam intensity causes a proportional height drop of up to 2mm. We study this lightinduced surface-tension effect, and its dependence of various parameters such as the beam intensity, distance of the beam from the surface, concentration of nano-particles, and size of the fluid reservoir at the base of the capillary. The vision is to facilitate an accurate optical means to manipulate and control the surface-tension of a fluid. 
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Next, we examine the effects of particle concentration and the volume of the liquid reservoir on the behavior of the surface. To study the effect of the concentration, the fluid is diluted using pure Octadecene to decrease the particle concentration to half its nominal value. Figure 2A presents ∆H vs. ∆X 0 for diluted (lines a,c and e) and nominal fluid (lines b, d and f). As shown, ∆H decreases with particles concentration (for example, lines a and b). The same trend is observed when the volume of the fluid reservoir at the base of the capillary is enlarged (Fig. 2B) .
In order to understand the behavior of the surface, similar experiments are preformed with a thin Tungsten wire wrapped around the capillary, heating the fluid locally. The wire is covered with thermal conducting paste to ensure good thermal coupling with the capillary. The wire is connected to a tunable voltage source, and a thermocouple is attached, monitoring the temperature. When the wire is heated to 50 o C, the meniscus drops slowly (on a time scale of tens of minutes), settling at the same level as the wire. This behavior does not depend on the distance from the surface, and is observed in both nanoparticle dispersion and in pure Octadecene, thus proving that the origin of the optical effect on surface-tension is not strictly thermal. Subsequently, we measure the liquid-air surface tension using pendant drop. The measurements are carried out for pure Octadecene and for the nominal and diluted nanoparticle fluid, at 23 o C and at 28 o C, as listed in Table 1 . We find that, by lowering the concentration of the particles, the surface tension strongly increases. The dependence of the surface tension and the height drop, ∆H, on the concentration of the particles points to the fact that, when the fluid is illuminated -even far away from the surface -the nanoparticles redistribute. Specifically, the density of nano-particles changes also at the vicinity of the surface, thus modifying surface-tension, and leading to a very large change in the height of the fluid in the capillary. That is, light is causing major changes in the mechanical properties of the fluid surface, even when the illumination is very far away from the surface.
To summarize, we have demonstrated experimentally long-range optical control over surface-tension effects in nanoparticle suspensions.
